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(57) ABSTRACT

A chip scale package (CSP) includes a die and a first lead
mechanically and electrically coupled to a first surface of the
die at a first surface of the first lead. The first surface of the
first lead forms a first plane. A second lead 1s mechanically
coupled to a second surface of the die at a first surface of the
second lead. The first surface of the second lead forms a
second plane. A mold compound at least partially encapsu-
lates the die, forming a CSP. The first plane and the second
plane are oriented substantially perpendicularly to a third
plane formed by a motherboard surface when the CSP 1s
coupled to the motherboard surface. The CSP includes no
wirebonds and the first lead and second lead are on opposing
surfaces of the CSP. The third plane of the motherboard may
be a largest planar surface of the motherboard.

20 Claims, 8 Drawing Sheets
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CHIP SCALE PACKAGES AND RELATED
METHODS

BACKGROUND

1. Technical Field

Aspects of this document relate generally to semiconduc-
tor device packaging.

2. Background Art

Semiconductor devices are often encased within (or partly
within) a package prior to use. Some packages contain a
single die while others contain multiple die. The package
often oflers some protection to the die, such as from corro-
s1on, 1mpact and other damage, and often also includes elec-
trical leads or other components which connect the electrical
contacts of the die with a motherboard either directly or via a
socket. The package may also include components config-
ured to dissipate heat from the die into a motherboard or
otherwise away from the package.

SUMMARY

Implementations of chip scale packages (CSPs) may
include: a die; a first lead mechanically and electrically
coupled to a first surface of the die at a first surface of the first
lead, the first surface of the first lead forming a first plane; a
second lead mechanically coupled to a second surface of the
die at a first surface of the second lead, the first surface of the
second lead forming a second plane; and a mold compound at
least partially encapsulating the die, where the die, first lead,
second lead, and mold compound form a chip scale package
(CSP); wherein the first plane of the first lead and the second
plane of the second lead are oriented substantially perpen-
dicularly to a third plane formed by a motherboard when the
CSP 1s coupled to the motherboard.

A method of forming the aforementioned CSP may
include: mechanically and electrically coupling the die to the
first lead, the first lead included 1n a first lead frame, the first
lead frame having a plurality of partially etched locations;
mechanically and electrically coupling the die to the second
lead, the second lead included in a second lead frame and
coupled to tie bars of the second lead frame; mechanically and
clectrically coupling the die to a third lead at the second
surface of the die and at a fourth plane formed by a first
surface of the third lead, the third lead included 1n the second
lead frame and coupled to the tie bars of the second lead
frame; at least partially encapsulating the die and the second
lead frame using the mold compound; and singulating the first
lead frame, the mold compound and the tie bars of the second
lead frame to form a chip scale package (CSP) wherein the
tourth plane of the third lead is oriented substantially perpen-
dicularly to the third plane formed by the motherboard when
the CSP 1s coupled to a motherboard.

Implementations of CSPs may include one, all, or any of
the following;:

The third plane of the motherboard may include a largest
planar surface of the motherboard.

The first plane of the first lead may include a largest planar
surface of the first lead and the second plane of the second
lead may include a largest planar surface of the second lead.

The second surface of the die may be on a side of the die
opposite the first surface of the die.

The die may be a first die, and the CSP may further include
a second die mechanically and electrically coupled to the first
surface of the second lead at a first surface of the second die,
the second die mechanically and electrically coupled to the
first die at a second surface ofthe second die and at the second
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2

surface of the first die, and the first die may be electrically
coupled to the second lead only through the second die.

The first lead and the second lead may be on opposing
surfaces of the CSP.

The CSP may include no wirebonds.

Implementations of CSPs may include: a die; a first lead
mechanically and electrically coupled to a first surface of the
die at a first surface of the first lead, the first lead having a
second surface on an opposite side of the first lead from the
first surface of the first lead, the first lead having a thickness
between the first surface of the first lead and the second
surface of the first lead; a second lead mechanically and
clectrically coupled to a second surface of the die at a first
surface of the second lead, the second lead having a second
surface on an opposite side of the second lead from the first
surface of the second lead, the second lead having a thickness
between the first surface of the second lead and the second
surface of the second lead; and a mold compound at least
partially encapsulating the die, where the die, first lead, sec-
ond lead, and mold compound form a chip scale package
(CSP); wherein the thickness of the first lead and the thick-
ness of the second lead are configured to be coupled to the
motherboard when the CSP 1s coupled to the motherboard.

Implementations of CSPs may include one, all, or any of
the following:

The thickness of the first lead and the thickness of the
second lead may be substantially parallel with a largest planar
surface of the motherboard.

The CSP may have no wirebonds.

Implementations of methods of forming a CSP may
include: mechanically and electrically coupling a plurality of
die to a plurality of first leads of a first lead frame at a first
surface of each first lead and at a first surface of each die, the
first surface of each first lead forming a first plane and the first
lead frame having a base; mechanically and electrically cou-
pling the plurality of die to a plurality of second leads of a
second lead frame at a first surface of each second lead and at
a second surface of each die, the first surface of each second
lead forming a second plane and the second lead frame having
a base, wherein the second surface of the die 1s on an opposite
side of the die from the first surface of the die; at least partially
encapsulating each die with a mold compound; removing the
base of the first lead frame and the base of the second lead
frame, forming a plurality of CSPs; and singulating the plu-
rality of CSPs, wherein each CSP 1s configured so that the first
plane of each first lead and the second plane of each second
lead are substantially perpendicular to a third plane formed by
a motherboard when the CSP 1s coupled to the motherboard.

Implementations of methods of forming a CSP may
include one, all, or any of the following:

The third plane of the motherboard may include a largest
planar surface of the motherboard.

Each die may be a first die, and the method may further
include mechanically and electrically coupling a plurality of
second die to the plurality of second leads, wherein each
second die 1s mechanically and electrically coupled to one of
the second leads at a first surface of the second die and at the
first surtace of the second lead, the method further including
mechanically and electrically coupling each second die to one
of the first die at a second surface of the second die and at a
second surface of the first die, and wherein each first die 1s
clectrically coupled to one of the second leads only through
one of the second die.

Mechanically and electrically coupling the plurality of die
to a plurality of third leads coupled to the base of the second
lead frame, wherein each die 1s mechanically and electrically
coupled to one of the third leads at the second surface of the
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die and at a fourth plane formed by a first surface of the third
lead, the method further including orienting the fourth plane
of each third lead substantially perpendicularly to the third
plane of the motherboard when the CSP 1s coupled to the
motherboard.

The CSP may include no wirebonds.

Implementations of a method of forming a CSP may
include: mechanically and electrically coupling a plurality of
die to a plurality of first leads of a first lead frame, the first lead
frame having a plurality of partially etched locations, each die
being coupled to one of the first leads at a first surface of the
die and at a first surface of the first lead, the first surface of
cach first lead forming a first plane; mechanically and elec-
trically coupling the plurality of die to a plurality of second
leads of a second lead frame, the second lead frame including
a plurality of partially etched locations, each die being
coupled to one of the second leads at a second surface of the
die and at a first surface of the second lead, the first surface of
cach second lead forming a second plane, wherein the second
surface of each die 1s on an opposite side of the die from the
first surface of the die; at least partially encapsulating each die
with a mold compound; and singulating the first lead frame,
the mold compound and the second lead frame to form a
plurality of chip scale packages (CSPs); wherein the first
plane of each first lead and the second plane of each second
lead are oriented substantially perpendicularly to a third plane
formed by a motherboard when the CSP 1s coupled to the
motherboard.

Implementations of methods of forming a CSP may
include one, all, or any of the following:

The third plane of the motherboard may include a largest
planar surface of the motherboard.

Each die may be a first die, and the method may further
include mechanically and electrically coupling a plurality of
second die to the plurality of second leads at a first surface of
each second die and at a first surface of each second lead,
wherein each second die 1s mechanically and electrically
coupled to one of the first die at a second surface of the first die
and a second surface of the second die, and wherein each first
die 1s electrically coupled to one of the second leads only
through one of the second die.

The CSP may include no wirebonds.

The foregoing and other aspects, features, and advantages
will be apparent to those artisans of ordinary skill 1n the art

from the DESCRIPTION and DRAWINGS, and from the
CLAIMS.

BRIEF DESCRIPTION OF THE DRAWINGS

Implementations will hereinafter be described 1n conjunc-
tion with the appended drawings, where like designations
denote like elements, and:

FIG. 1 1s s1de view of a conventional single-die chip scale
package (CSP) with the mold (encapsulation) compound
drawn 1n see-through fashion so as to more easily depict the
other elements;

FIG. 2 1s a top perspective view of the CSP of FIG. 1 on a
motherboard with the mold compound drawn 1n see-through
fashion:

FIG. 3 1s a side view of a single-die CSP with the mold
compound drawn 1n see-through fashion;

FI1G. 4 1s a top perspective view of the CSP of FIG. 3 with
the mold compound drawn 1n see-through fashion;

FIG. 5 15 a top perspective view of the CSP of FIG. 3on a
motherboard with the mold compound drawn 1n see-through
fashion;
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FIG. 6 1s a top perspective view of a conventional dual-die
CSP with the mold compound drawn 1n see-through fashion;

FIG. 7 1s a top perspective view of a dual-die CSP with the
mold compound and second lead drawn 1n see-through fash-
101;

FIG. 8 15 a top perspective view of the CSP of FIG. 7on a
motherboard with the mold compound drawn 1n see-through
fashion;

FIG. 9 1s a top perspective view of a conventional metal-
oxide-semiconductor field-effect-transistor ((MOSFET) CSP
with the mold compound drawn 1n see-through fashion;

FIG. 10 1s a top perspective view of a MOSFET CSP with
the mold compound and first lead are drawn 1n see-through
fashion;

FIG. 11 1s a top perspective view of the MOSFET CSP of
FIG. 10 on a motherboard with the mold compound drawn 1n
see-through fashion;

FIG. 12 1s a side cross-section view of a first leadirame
used 1 a method of forming a CSP;

FIG. 13 1s a side cross-section view of a plurality of die
coupled to the first leadirame of FI1G. 12;

FIG. 14 1s a side cross-section view of a second leadirame
coupled to the plurality of die of FIG. 13;

FIG. 15 1s a side cross-section view of a mold compound
encapsulating the plurality of die of FIG. 14;

FIG. 16 1s a side cross-section view of the elements of FIG.
15 with base members of the first leadirame and second
leadframe removed;

FIG. 17 1s a side cross-section view of a plurality of singu-
lated CSPs formed by singulating the elements of FIG. 16;

FIG. 18 1s a side cross-section view of a first leadirame
used 1 a method of forming a CSP;

FIG. 19 1s a side cross-section view of a plurality of die
coupled to the first leadirame of FIG. 18;

FIG. 20 1s a side cross-section view of a second leadirame
coupled to the plurality of die of FIG. 19;

FIG. 21 1s a side cross-section view of a mold compound
encapsulating the plurality of die of FIG. 20;

FIG. 22 1s a side cross-section view of plating coupled to
leads of the first leadirame and plating coupled to leads of the
second leadframe of FIG. 21;

FIG. 23 1s a side cross-section view of a plurality of singu-
lated CSPs formed by singulating the elements of FIG. 22;

FIG. 24 15 a side cross-section view of a mold and various
clements used 1n a method of forming a CSP;

FIG. 25 1s a side cross-section view of a mold and various
clements used 1n another method of forming a CSP;

FIG. 26 1s a side cross-section view of a mold and various
clements used 1n another method of forming a CSP; and

FIG. 27 1s a top perspective view of the MOSFET CSP of
FIG. 11 shown with tie bars used 1n a method of forming the
MOSFET CSP—the tie bars are removed during singulation
and so are not actually present when the MOSFET CSP 1s
placed on a motherboard but are shown together with the
motherboard for perspective.

DESCRIPTION

This disclosure, its aspects and implementations, are not
limited to the specific components, assembly procedures or
method elements disclosed herein. Many additional compo-
nents, assembly procedures and/or method elements known
in the art consistent with the intended chip scale packages and
related methods will become apparent for use with particular
implementations from this disclosure. Accordingly, for
example, although particular implementations are disclosed,
such 1mplementations and implementing components may
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comprise any shape, size, style, type, model, version, mea-
surement, concentration, material, quantity, method element,
step, and/or the like as 1s known 1n the art for such chip scale
packages and related methods, and 1implementing compo-
nents and methods, consistent with the intended operation
and methods.

This document references chip-scale packages (CSPs). In
the past, conventional CSPs have been classified as including,
only packages that have an area no greater than 1.2 times that
of the die. As some die sizes decreased (die shrink), due to
improvements 1n die manufacturing technologies, while their
respective package sizes remained the same, the definition of
CSPs has changed to accommodate packages that have a
package/die ratio greater than 1.2. As used herein, “chip-scale
package” (CSP) 1s a near die si1ze package with a ball pitch
(where applicable) of 1 mm or less.

Referring now to FIGS. 1-2, 1n various implementations, a
conventional single-die CSP 2 includes a die 4 having at least
one ¢lectrical contact on a first surface 6 mechamcally and
clectrically coupled to a first lead 10 using a conductive
adhesive 14. A wirebond 16 1s coupled to a second surface 8
on an opposite side of the die 4 from the first surface 6 and
couples at least one electrical contact on the second surface 8
with a second lead 12. A mold compound 18 encapsulates the
die 4, wirebond 16, and conductive adhesive 14 and at least
partially encapsulates the first and second leads 10, 12, while
leaving portions of those leads exposed so that the CSP 2 may
be electrically coupled thereby to conductive paths 22 of a
motherboard 20, such as by using a solder 24, as shown in
FIG. 2. In FIGS. 1 and 2, the mold (encapsulating) compound
1s shown 1n see through to enable a view of the internal
structure of the package.

Referring now to FIGS. 3-5, implementations of a CSP 26
include a die 4 having at least one electrical contact on its first
surface 6 mechanically and electrically coupled to a first
surtace 40 of a first lead 38 with a conductive adhesive 34 and
at least one electrical contact on 1ts second surface 8 mechani-
cally and electrically coupled to a first surface 50 of a second
lead 48 using a conductive adhesive 36. The first surface 40 of
the first lead 38 forms a first plane 42 which, in the 1imple-
mentations shown, 1s the largest planar surface of the first lead
38 (though 1n other implementations 1t may not be the largest
planar surface). The first surface 50 of the second lead 48
forms a second plane 52 which, in the implementations
shown, 1s the largest planar surface of the second lead 48
(though 1n some implementations, may similarly not be the
largest planar surface). The first lead 38 has a thickness 46
between the first surface 40 and a second surface 44 on a side
of the first lead 38 opposite the first surface 40. The second
lead 48 has a thickness 56 between the first surface 30 and a
second surface 54 on a side of the second lead 48 opposite the
first surface 30. A mold compound 38 encapsulates the die 4

and the conductive adhesives 34, 36, and covers the first
surface 40 of the first lead 38 and first surface 50 of the second
lead 48, forming the CSP 26. The first lead 38 and second lead
48 are located on opposing surfaces 60 of the CSP 26.
When mounting the CSP 26 on a motherboard 62 the CSP
26 15 tilted (rotated) onto its side so that the thicknesses 46, 56
of the first lead 38 and second lead 48 contact the mother-
board 62 or are otherwise substantially parallel with a third
plane 64 formed by the motherboard 62 (which, 1n the imple-
mentations shown, 1s the largest planar surface 66 of the
motherboard 62). The leads 38, 48 are electrically coupled to
the conductive paths 68 included 1n the motherboard 62 by
various conventional materials, such as by using solder 70. As
can be seen 1 FIG. 3, the solder 70 may be coupled to the
thicknesses 46, 56 and/or to the second surfaces 44, 54 of the
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leads 38, 48. The thicknesses 46, 56 are parallel, or substan-
tially parallel, with the third plane 64.

As can be seen by comparing FIG. 2 with FIGS. 3-5,
coupling the first surface 50 of the second lead 48 with the die
4 using a conductive adhesive 36 allows the CSP 26 to be
formed without using any wirebonds (such as wirebond 16)
and results 1n an overall reduction 1n size of the CSP 26 as

compared to CSP 2. In implementations the CSP 2 shown 1n
FIG. 1 has dimensions of, or of about, 0.620 mm by 0.320 mm

by a height of 0.297 mm, while the CSP 26 shown in FIG. 3
has dimensions of, or of about, 0.230 mm by 0.230 mm by a
height of 0.300 mm (1n other words, the footprint of CSP 26
1s less than half the footprint of CSP 2).

Referring now to FIG. 6, an implementation of a conven-
tional dual die CSP 72 including a first die 74 and a second die
80 1s 1llustrated. At least one electrical contact on a first
surface 76 of the first die 74 1s mechanically and electrically
coupled to a first lead 90 using a conductive adhesive 88 and
at least one electrical contact on a first surface 82 of the
second die 80 1s mechanically and electrically coupled to a
second lead 92 using a conductive adhesive 88. A wirebond
86 couples at least one electrical contact on a second surface
78 of the first die 74 (which opposes the first surface 76 of the
first die 74) with at least one electrical contact on a second
surface 84 of the second die 80 (which opposes the first
surface 82 of the second die 80). A mold compound 94 encap-
sulates the first die 74, second die 80, conductive adhesive 88,
wirebond 86, and partially encapsulates the first lead 90 and
second lead 92 while leaving a bottom surface of the first lead
90 and a bottom surface of the second lead 92 exposed to be
coupled to a motherboard. The mold compound 94 has been
illustrated 1n see-through to show the internal structure of the
package.

Referring now to FIG. 7, an implementation of a CSP 96
having a dual die configuration 1s illustrated that includes a
first die 98 having a first surface 100 and a second surface 102
on an opposing side of the first die 98 from the first surface
100. A second die 104 includes a first surface 106 and a
second surface 108 on an opposing side of the second die 104
from the first surface 106. The first die 98 may be the equiva-
lent of first die 74 and the second die 104 may be the equiva-
lent of second die 80 1n various implementations.

A conductive adhesive 112 mechanically and electrically
couples at least one electrical contact on the second surface
102 of the first die 98 with at least one electrical contact on the
second surface 108 of the second die 104. The conductive
adhesive 112 further mechanically couples the first die 98 to
the second die 104. A conductive adhesive 110 mechanically
and electrically couples at least one electrical contact on the
first surface 100 of the first die 98 with a first surface 118 of a
first lead 116. The first surface 118 of the first lead 116 forms
a first plane 120, which in the implementations shown 1s the
largest planar surface of the firstlead 116 (though could notbe
in some i1mplementations). A conductive adhesive 114
mechanically and electrically couples at least one electrical
contact on the first surface 106 of the second die 104 with a
first surface 128 of a second lead 126. The first surface 128 of
the second lead 126 forms a second plane 130 which, in the
implementations shown, 1s the largest planar surface of the
second lead 126 (though could not be in some implementa-
tions).

A mold compound 136 encapsulates the first die 98, second
die 104, conductive adhesives 110, 112, and 114, the first
surface 118 and the first surface 128, forming the CSP 96
(shown see-through). A second surface 122 of the first lead
116, which 1s on an opposite side of the first lead 116 from the
first surface 118, 1s exposed, and the first lead 116 has a
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thickness 124 between the first surface 118 and second sur-
face 122. A second surface 132 of the second lead 126, which
1s on an opposite side of the second lead 126 from the first
surface 128, 1s exposed, and the second lead 126 has a thick-
ness 134 between the first surface 128 and second surface
132. The first lead 116 and second lead 126 are located on
opposing surfaces 138 of the CSP 96. The first die 98 1is
clectrically coupled to the second lead 126 only through the
second die 104.

Referring now to FIG. 8, the CSP 96 1s turned on its side, or
in other words 1s rotated about mnety degrees from 1ts upright
configuration shown in FIG. 7, to couple the CSP 96 to a
motherboard 140. The motherboard 140 forms a third plane
142 which, 1n the implementations shown, 1s the largest pla-
nar surface 144 of the motherboard 140. Solder 148 15 used to
couple the first lead 116 and second lead 126 with conductive
paths 146 of the motherboard 140. In the implementations
shown the CSP 96 1s oriented such that, when mounted to the
motherboard 140, the first plane 120 and second plane 130 are
perpendicular to, or substantially perpendicular to, the third
plane 142 of the motherboard 140. As can be seen from FIG.
8 the solder 148 may be coupled to the thicknesses 124, 134
ofthe leads 116, 126 and/or to the second surfaces 122, 132 of
the leads 116, 126. The thicknesses 124, 134 are parallel, or
substantially parallel, with the third plane 142 when the CSP
96 1s mounted to the motherboard 140.

As can be realized from comparing the package illustrated
in FIG. 6 to the package illustrated in FIGS. 7-8, stacking the
die 98, 104 atop one another in CSP 96 allows CSP 96 to not
have any wirebonds (such as wirebond 86) and further
reduces the overall package size of CSP 96 as compared with
CSP 72. In implementations the CSP 72 shown in FIG. 6 may
have dimensions of, or of about, 0.620 mm by 0.320 mm by a
height of 0.297 mm, while the CSP 96 shown 1n FIG. 7 has
dimensions of, or of about, 0.230 mm by 0.230 mm by a
height of 0.450 mm.

Referring now to FIG. 9, 1n various implementations a
conventional metal-oxide-semiconductor field-efl

ect-tran-

sistor (MOSFET) CSP 150 includes a die 152 having a first
surface 154 and a second surface 156 on an opposite side of
the die 152 from the first surface 154. The first surface 154 1s
coupled to a first lead 158. A first wircbond 164 couples an
clectrical contact 157 on the second surface 156 of the die 152
with a second lead 160 and a second wirebond 164 couples
another electrical contact 159 on the second surface 156 of the
die 152 with a third lead 162. At least one electrical contact on
the first surface 154 of the die 152 1s mechanically and elec-
trically coupled to the first lead 158 using a conductive adhe-
stve. A mold compound 166 encapsulates the die 152, wire-
bonds 164, conductive adhesive, and at least a portion of the
first lead 138, second lead 160 and third lead 162, with the
bottom surfaces of each of the leads 158, 160, and 162 being
exposed on a bottom surface of the CSP 150. The first, sec-
ond, and third leads 158, 160, 162 correspond to the respec-
tive source, drain, and gate regions of the MOSFET device.
Referring now to FIGS. 10-11, an implementation of a
MOSFET CSP 168 includes a die 170 having a first surface
172 and a second surface 174 on an opposite side of the die
170 from the first surface 172. A conductive adhesive 176
mechanically and electrically couples at least one electrical
contact on the second surface 174 with a first surface 184 of a
first lead 182. The first surface 184 forms a first planc 186
which, in the implementations shown, 1s the largest planar
surface of the first lead 182. The first lead 182 has a second
surface 188 on an opposite side of the first lead 182 from the
first surface 184, and further includes a thickness 190
between the first surface 184 and second surface 188. A
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conductive adhesive 178 clectrically and mechanically
couples at least one electrical contact on the first surface 172

of the die 170 with a first surface 194 of a second lead 192.
The first surface 194 of the second lead 192 forms a second
plane 196 which, in the implementations shown, 1s the largest
planar surface of the second lead 192. The second lead 192
has a second surface 198 on an opposite side of the second
lead 192 from the first surface 194 and a thickness 200
between the first surface 194 and second surface 198. Also, a
conductive adhesive 180 celectrically and mechanically

couples an electrical contact on the first surface 172 of the die
170 with a first surface 204 of a third lead 202. The first

surface 204 of the third lead 202 forms a fourth plane 206. The
third lead 202 includes a second surface 208 on an opposite
side of the third lead 202 from the first surface 204 and a
thickness 209 between the first surface 204 and second sur-
tace 208.

A mold compound 210 encapsulates the die 170, conduc-
tive adhesives 176, 178, and 180, and a portion of the leads
182,192, 202, forming the CSP 168 (shown 1n see-through).
The second surface 188 and thickness 190 of the first lead
182, second surface 198 and a portion of the thickness 200 of
the second lead 192, and second surface 208 and a portion of
the thickness 209 of the third lead 202 are exposed for elec-
trically coupling the CSP 168 to a motherboard 212.

When mounting the CSP 168 to a motherboard 212 the
CSP 168 1s turned on its side or, 1n other words, about ninety
degrees from 1ts upright position shown 1n FIG. 10, so that the
thicknesses 190, 200, 209 are contacting the motherboard 212
(or conductive paths 218 of the motherboard 212) or are
otherwise parallel with, or are substantially parallel with, a
third plane 214 formed by the motherboard 212. In the imple-
mentations shown the third plane 214 1s the largest planar
surface 216 of the motherboard 212. Solder 220 mechanically
and electrically couples the leads 182, 192, 202 to the con-
ductive paths 218 of the motherboard 212.

Ascanbe seenin FI1G. 11, when the CSP 168 1s mounted on
the motherboard 212 the first plane 186, second plane 196 and
fourth plane 206 are perpendicular to, or are substantially
perpendicular to, the third plane 214 of the motherboard 212.

As can be realized from comparing FIG. 9 to FIGS. 10-11,
coupling the leads 182, 192, 202 directly to the die 170 with
conductive adhesives 176, 178, 180 allows CSP 168 to not
have any wirebonds (such as wirebonds 164) and further
reduces the overall package size of CSP 168 as compared
with CSP 150. In implementations the CSP 150 shown in
FIG. 9 may have dimensions of, or of about, 0.620 mm by
0.620 mm by a height 01 0.400 mm, while the CSP 168 shown
in FIGS. 10-11 has dimensions of, or of about, 0.320 mm by
0.550 mm by a height of 0.320 mm.

Referring now to FIGS. 12-17, a process for forming a
plurality of CSPs 26 1s shown, though variations of this same
process may be utilized to form a plurality of CSPs 96 and/or
a plurality of CSPs 168. Referring now to FIG. 12, a first lead
frame 222 1s provided which includes a base 224 and.,
attached (coupled) thereto, are a plurality of first leads 38. A

second surface 44 of each first lead 38 (see FIG. 3) 1s attached
to the base 224 and a first surface 40 of each first lead 38 1s
exposed. The first leads 38 may have been preplated onto the
base 224 using any ol a wide variety of electroplating meth-
ods and systems. Conductive adhesive 34 1s used to mechani-

cally and electrically couple at least one electrical contact on
a first surface 6 of each die 4 with a first surface 40 of one of

the first leads 38, as shown 1n FIGS. 13 and 3. Referring to
FIG. 14 a second lead frame 226 having a base 228 and a
plurality of second leads 48 thereon, similar to the first lead
frame 222, 1s provided, and conductive adhesive 36 1s used to
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mechanically and electrically couple at least one electrical
contact on a second surface 8 of each die 4 with a first surface
50 of one of the second leads 48, the second surface 54 of each
of the second leads 48 being attached to the base 228. The
clements shown 1n FIG. 14 are placed within a mold 230,
shown 1n FIG. 24, having a mold cavity 232. An upper mem-
ber 234 1s provided within the mold 230 which 1n the imple-
mentation shown 1ncludes a silicon rubber, though 1n 1mple-
mentations this may be omitted. The silicon rubber may serve
as a releasing agent. The mold cavity 232 1s filled with the
mold compound 58, forming a plurality of CSPs 26 1n a single
panel.

The panel 1s then removed from the mold 230, as shown 1n
FIG. 15. The base 224 of the first lead frame 222 and base 228
of the second lead frame 226 are then removed such as, by
non-limiting example, with a chemical etching process,
exposing the second surfaces 44, 54 of the leads 38, 48, as
shown 1n FIG. 16, and the CSPs 26 are singulated as shown in
FIG. 17 such as, by non-limiting example, through the use of
saw or punch singulation. In particular implementations, the
base 224 and base 228 may be made out of copper.

As indicated above, a similar procedure may be utilized to
form a plurality of CSPs 96 with two or more die therein, the
difference being that, in the case of two die, an additional step
would be added to couple the second surface 108 of the
second die 104 to the second surface 102 of the first die
98—the remaining steps would be 1dentical or very similar—
for instance the first surface 128 of each second lead 126
would be adhered to the first surface 106 of the second die
104, instead of to the first die 98, and so forth. As also
indicated above, a similar procedure may be utilized to form
CSP 168, the difference being that an additional lead would
be required on one side of the die 170. For example, the

second lead frame 226 could have two leads configured to be
coupled to each die 170. Thus the first lead frame 222 would

include the first leads 182 and the second lead frame 226
would include the second leads 192 and third leads 202 for
cach die 170. In such a method each die 170 would be
mechanically and electrically coupled to one of the third leads
202 at the first surface 172 of the die 170 and at a fourth plane
206 formed by a first surface 204 of the third lead 202. The
remainder of the process would be 1dentical or very similar to
that previously described 1n this document.

Referring now to FIGS. 18-23 (with reference to FIG. 3),
another process 1s shown for forming a plurality of CSPs 26.
This process may also be used for forming a plurality of CSPs
96. Retferring now to FIG. 18, a first lead frame 236 1s pro-
vided which includes a plurality of partially etched locations
238. In some implementations, the partially etched lead frame
may be referred to as “half etched.” A first surface 6 of each
die 4 1s coupled to the first lead frame 236 1n between two
partially etched locations 238 using a conductive adhesive 34,
as shown 1n FI1G. 19, at locations that will effectively become
the first surfaces 40 of the first leads 38, the first surface 40 of
cach first lead 38 forming a first plane 42. A second lead frame
240 1s then coupled to the second surface 8 of each die 4 using
a conductive adhesive 36, as shown 1n FIG. 20. The second
lead frame 240 includes a plurality of partially etched loca-
tions 242 that in the implementation shown are aligned with
the partially etched locations 238. Each die 4 1s coupled to one
ol the second leads 48 at a second surface 8 of the die 4 and at
a first surface 50 of the second lead 48, the first surface 50 of
cach second lead 48 forming a second plane 52.

The assembly 1s placed within a mold 246 having a mold
cavity 248, as shown in FIG. 235, the mold 246 also having an
upper member 250 which, in the implementations shown, 1s a
silicon rubber. The mold cavity 248 1s then filled with mold
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compound 58, forming a plurality of CSPs 26 1n a single
panel. The upper member 250 in implementations may pre-
vent the mold compound 58 from filling the partially etched
locations 242.

The panel may then be removed from the mold 246, as
shown 1n FIG. 21. Plating 244 may be applied to portions of
the first and second lead frames 236, 240 (though this may
also have been done earlier or later 1n the process, such as
using pre-plated frame or applying plating after package sin-
gulation), and the individual CSPs 26 may be singulated as
shown 1n FI1G. 23, such as, by non-limiting example, through
the use of saw or punch singulation at locations correspond-
ing with the partially etched locations 238, 242. Accordingly,
in this method implementation, it 1s portions of the lead
frames 236, 240 themselves, between the partially etched
locations 238 and 242, respectively, which form the leads 38,
48 of CSP 26 once the panel 1s singulated.

As 1indicated above, a similar procedure may be utilized to
form a plurality of CSPs 96 (containing two or more die), the
difference being that an additional step would be added to
couple the second die 104 to the first die 98. In such an
implementation a plurality of second die 104 would be
mechanically and electrically coupled to the plurality of sec-
ond leads 126 at a first surface 106 of each second die 104 and
at a first surface 128 of each second lead 126. Each second die
104 would be mechanically and electrically coupled to one of
the first die 98 at a second surface 102 of the first die 98 and
a second surface 108 of the second die 104, and each first die
98 would be electrically coupled to one of the second leads
126 only through one of the second die 104. The remaining
steps would be 1dentical or very similar to those disclosed 1n
this document.

Referring to FIGS. 26-27, in various implementations of a
method of forming a semiconductor package, a process modi-
fied from that process shown 1n FIGS. 18-23 and 235 may be
utilized to form a plurality of CSPs 168. In this process,
referring to FIG. 26, the first lead frame 252 has a plurality of
partially etched locations 254 and may be basically 1dentical
or very similar to first lead frame 236. The die 170 are coupled
to the first lead frame 252 using a conductive adhesive 176.
The second lead frame 256 includes a plurality of partially
etched locations 258 but differs from second lead frame 240
in that second lead frame 256 also includes a plurality of gaps
2359 (also seen 1n F1G. 27). The gaps 259 separate the second
leads 192 from the third leads 202.

The reader may realize, upon viewing FIG. 26, that this
cross-section view does not show how the second lead frame
256 can be held together prior to being adhered to the plurality
of die 170 since the gaps 259 are present. In implementations
the second lead frame 256 has tie bars 260 which couple the
portions of the second lead frame 256 together within the gaps
259. Representative examples of tie bars 260 are shown 1n
FIG. 27 for the purposes of illustration to show the relation-
ship of the bars to the second leads and third leads, since 1t 1s
difficult to show them in the view of FIG. 26, though 1n reality
the tie bars 260 will be removed during a singulation process
and are not be present when the CSP 168 1s mounted to a
motherboard. The tie bars 260 couple the various portions of
the second lead frame 256 together, for example along a
direction that goes through the page (or out of the page) 1n
FIG. 26. In some implementations the second lead frame 256
may include only tie bars 260 and no partially etched loca-
tions 258, the partially etched locations 258 being replaced by
tie bars 260 and the second leads 192 and third leads 202
being held together just by a network of tie bars 260.

As with the other processes, once the second lead frame
256 has been adhered to the plurality of die 170 using con-
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ductive adhesives 178, 180, the assembly may be placed
within a mold 262 having a mold cavity 264. The mold 262
may also have an upper member 266 which, in the implemen-
tations shown, may be a silicon rubber. The mold cavity 264
may be filled with mold compound 210, forming a plurality of
CSPs 168 1n a single panel. The mold compound 210 may fill
the gaps 259 and, in implementations the partially etched
locations 258 (though in implementations the upper member
266 may prevent the mold compound 210 from filling the
partially etched locations 258). The molded panel may then
be removed from the mold 262 and singulated, such as by
non-limiting example through punch or saw singulation, to
form a plurality of individual CSPs 168, by singulating at
locations corresponding with the partially etched locations
254, 258. Accordingly, 1n this process 1t 1s actually portions of
the lead frames 252, 256 themselves, between the partially
ctched locations 254 and 258, respectively, which form the
leads 182, 192, 202 of the CSP 168 once the panel 1s singu-
lated.

One of the basic and novel characteristics of implementa-
tions of CSPs 26, 96, 168 1s the exclusion of any wirebonds,
which allows for a reduced size of the CSPs and, correspond-
ing, fewer failure mechanisms. Another of the basic and novel
characteristics of implementations of CSPs 26, 96, 168 1is
mounting of the CSP to a motherboard at a ninety degree
rotation from a conventional mounting configuration, which
allows for a reduced size of the CSP. One of the basic and
novel characteristics of implementations of methods of form-
ing aCSP26,96,168 1s the exclusion of a step of coupling any
wirebonds to elements of the CSP, which allows for a reduced
s1ze of the CSP and fewer failure mechanisms. Another of the
basic and novel characteristic of implementations of methods
of forming a CSP 26, 96, 168 1s the process of mounting the
CSP to a motherboard at a nminety degree rotation from a
conventional mounting configuration, which allows for a
reduced size of the CSP.

In implementations a CSP 26, 96, 168 may be stacked with
other CSPs 26, 96, 168. The CSPs 26, 96, 268 may enhance
processing by removing the need for thin die handling and the
CSPs may also be thermally enhanced (or, in other words,
more effective at dissipating heat away from the die) 1n com-
parison to the conventional devices. In implementations of
CSPs herein that discuss the use of plating the plating may
include a tin (Sn) plating and the plating step may be preceded
by a copper etch to help the leads recerve the Sn plating. In
implementations the CSPs 26, 96, 168 may be formed with-
out requiring thin water handling and without using any wire-
bonds, which 1s useful because conventional package minia-
turization 1s limited by thin water handling (about 30-735
microns) and low loop wire bonding. The leads 38, 48, 116,
126, 182, 192, 202 may in implementations be formed, by
non-limiting example, from pre-plated frames, clips, lids,
clad solder preform or half-etched copper frame.

In implementations one or more of the lead frames 222,
226 may be an LLGA frame with pre-plated leads. One or
more or all of the conductive adhesives 14, 34, 36, 88, 110,
112,114,176,178,180 may include a water backside coating
(WBC) and 1n such instances no die attach (DA) adhesive
may be required. In implementations the second lead frames
226,240, 256 may have smaller dimensions than the first lead
frames 222, 236, 252, respectively, as can be seen in the
figures (and also through the page), and/or may be formed of
pre-plated frames, clips, lids, clad solder preform or hali-
ctched copper frame.

In places where the description above refers to particular
implementations of chip scale packages and related methods
and 1mplementing components, sub-components, methods
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and sub-methods, 1t should be readily apparent that a number
of modifications may be made without departing from the
spirit thereof and that these implementations, implementing
components, sub-components, methods and sub-methods
may be applied to other chip scale packages and related
methods.

What 1s claimed 1s:

1. A chip scale package (CSP), comprising;:

a die:

a first lead mechanically and electrically coupled to a first
surface ofthe die at a first surface of the first lead, the first
surface of the first lead forming a first plane and a second
surface of the first lead forming a fifth plane, a thickness
of the first lead present between the first plane and the
fifth plane;

a second lead mechanically coupled to a second surface of
the die at a first surface of the second lead, the first
surface of the second lead forming a second plane and a
second surface of the second lead forming a fourth
plane, a thickness of the second lead present between the
second plane and the fourth plane; and

a mold compound at least partially encapsulating the die,
where the die, first lead, second lead, and mold com-
pound form a chip scale package (CSP);

wherein the first plane of the first lead and the second plane
of the second lead are oriented substantially perpendicu-
larly to a third plane formed by a motherboard when the
CSP 1s coupled to the motherboard at the thickness of the
first lead and the thickness of the second lead.

2. The CSP of claim 1, wherein the third plane of the
motherboard comprises a largest planar surface of the moth-
erboard.

3. The CSP of claim 1, wherein the first plane of the first
lead comprises a largest planar surface of the first lead and
wherein the second plane of the second lead comprises a
largest planar surface of the second lead.

4. The CSP of claim 1, wherein the second surface of the
die 1s on a side of the die opposite the first surface of the die.

5. The CSP of claim 1, wherein the die comprises a first die,
and wherein the CSP further comprises a second die mechani-
cally and electrically coupled to the first surface of the second
lead at a first surface of the second die, the second die
mechanically and electrically coupled to the first die at a
second surface of the second die and at the second surface of
the first die, wherein the first die 1s electrically coupled to the
second lead only through the second die.

6. The CSP of claim 1, wherein the first lead and the second
lead are on opposing surfaces of the CSP.

7. The CSP of claim 1, wherein the CSP comprises no
wirebonds.

8. A chip scale package (CSP), comprising:

a die:

a first lead mechanically and electrically coupled to a first
surface of the die at a planar first surface of the first lead,
the first lead comprising a planar second surface on an
opposite side of the first lead from the planar first surface
of the first lead, the first lead comprising a thickness
between the planar first surface of the first lead and the
planar second surface of the first lead;

a second lead mechanically and electrically coupled to a
second surface of the die at a planar first surface of the
second lead, the second lead comprising a planar second
surface on an opposite side of the second lead from the
planar first surface of the second lead, the second lead
comprising a thickness between the planar first surface
of the second lead and the planar second surface of the
second lead; and
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a mold compound at least partially encapsulating the die,
where the die, first lead, second lead, and mold com-
pound form a chip scale package (CSP);

wherein the thickness of the first lead and the thickness of
the second lead are configured to be coupled to the

motherboard when the CSP 1s coupled to the mother-
board.

9. The CSP of claim 8, wherein the thickness of the first
lead and the thickness of the second lead are substantially
parallel with a largest planar surface of the motherboard.
10. The CSP of claim 8, wherein the CSP comprises no
wirecbonds.
11. A method of forming a chip scale package (CSP),
comprising:
mechanically and electrically coupling a plurality of die to
a plurality of first leads of a first lead frame at a first
surface of each first lead and at a first surface of each die,
the first surface of each first lead forming a first plane
and the first lead frame comprising a base;

mechanically and electrically coupling the plurality of die
to a plurality of second leads of a second lead frame at a
first surface of each second lead and at a second surface
of each die, the first surface of each second lead forming
a second plane and the second lead frame comprising a
base, wherein the second surface of the die 1s on an
opposite side of the die from the first surface of the die;

at least partially encapsulating each die with a mold com-
pound;

removing the base of the first lead frame and the base of the

second lead frame, forming a plurality of CSPs; and
singulating the plurality of CSPs, wherein each CSP 1s
configured so that the first plane of each first lead and the
second plane of each second lead are substantially per-
pendicular to a third plane formed by a motherboard
when the CSP 1s coupled to the motherboard.

12. The method of claim 11, wherein the third plane of the
motherboard comprises a largest planar surface of the moth-
erboard.

13. The method of claim 11, wherein each die 1s a first die,
and wherein the method turther comprises mechanically and
clectrically coupling a plurality of second die to the plurality
of second leads, wherein each second die 1s mechanically and
clectrically coupled to one of the second leads at a first surface
of the second die and at the first surtface of the second lead, the
method further comprising mechanically and electrically
coupling each second die to one of the first die at a second
surtace of the second die and at a second surface of the first
die, and wherein each first die 1s electrically coupled to one of
the second leads only through one of the second die.

14. The method of claim 11, further comprising mechani-
cally and electrically coupling the plurality of die to a plural-
ity of third leads coupled to the base of the second lead frame,
wherein each die 1s mechanically and electrically coupled to
one of the third leads at the second surface of the die and at a
fourth plane formed by a first surface of the third lead, the
method further comprising orienting the fourth plane of each
third lead substantially perpendicularly to the third plane of
the motherboard when the CSP 1s coupled to the mother-
board.

15. The method of claim 11, wherein the CSP comprises no
wirebonds.

16. A method of forming a chip scale package (CSP),
comprising;
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mechanically and electrically coupling a plurality of die to
a plurality of first leads of a first lead frame, the first lead
frame comprising a plurality of partially etched loca-

tions, each die being coupled to one of the first leads at a
first surface of the die and at a first surface of the first
lead, the first surface of each first lead forming a first
plane;

mechanically and electrically coupling the plurality of die

to a plurality of second leads of a second lead frame, the
second lead frame comprising a plurality of partially
etched locations, each die being coupled to one of the
second leads at a second surface of the die and at a first
surface of the second lead, the first surface of each sec-
ond lead forming a second plane, wherein the second
surface of each die 1s on an opposite side of the die from
the first surface of the die;

at least partially encapsulating each die with a mold com-

pound; and

singulating the first lead frame, the mold compound and the

second lead frame to form a plurality of chip scale pack-
ages (CSPs);

wherein the first plane of each first lead and the second

plane of each second lead are oriented substantially per-
pendicularly to a third plane formed by a motherboard
when the CSP 1s coupled to the motherboard.

17. The method of claim 16, wherein the third plane of the
motherboard comprises a largest planar surface of the moth-
erboard.

18. The method of claim 16, wherein each die 1s a first die,
the method further including mechanically and electrically
coupling a plurality of second die to the plurality of second
leads at a first surface of each second die and at a first surface
of each second lead, wherein each second die 1s mechanically
and electrically coupled to one of the first die at a second
surface of the first die and a second surface of the second die,
and wherein each first die 1s electrically coupled to one of the
second leads only through one of the second die.

19. The method of claim 16, wherein the CSP comprises no
wirebonds.

20. A method of forming a chip scale package (CSP)
according to claim 1, comprising:

mechanically and electrically coupling the die to the first
lead, the first lead comprised in a first lead frame, the first
lead frame comprising a plurality of partially etched
locations:
mechanically and electrically coupling the die to the sec-

ond lead, the second lead comprised 1n a second lead

frame and coupled to tie bars of the second lead frame;

mechanically and electrically coupling the die to a third
lead at the second surface of the die and at a fourth plane
formed by a first surface of the third lead, the third lead
comprised in the second lead frame and coupled to the
tie bars of the second lead frame:

at least partially encapsulating the die and the second lead
frame using the mold compound; and

singulating the first lead frame, the mold compound and the
tie bars of the second lead frame to form a chip scale
package (CSP) wherein the fourth plane of the third lead
1s oriented substantially perpendicularly to the third
plane formed by the motherboard when the CSP 1is
coupled to a motherboard.
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